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On the Soleness of Solution of Basi¢ Problem concerning
Free Thermal Convection of Liquid,

by
I1,GeSevruk
l. Assuming that in a certain volume V, limited by a closed surface S is situated
in state of thermal oconvective movement a viscous, mechanically incompreasible liquid,
and assuming that on the boundary of the zone and at the initial moment of timm is
given the distribution of velocity and temperature of the liquid, It is necessary to
find the distribution of these walues by the volume of the liquid at a given moment
of time,
Assuming the existence of a solution for the mentioned problem, we will prove
its solenessa, For this we employ the D.Ye,Dolidze Ll] method,
Equations of free thermal convection have the form of [2] s
O +no=—vL+wo—pel, )
T | (o9T) =T, (2)
diveo =0, (_} j
where v- velocity of the liquid, p=read from hydrostatic pressure of the liquid, T-
temperature of the liquid, read from a certain constant mean value T, p s 0(T%)-
density of the liquid, g=gravity acceleration, .,, B. Y, = coefficients of kinematie
viscosity of thermal expansion and heat conduction of the liquid.
The sought for values should satisfy the given conditions:
9,=0, Te=¢(r, ), )
0, =£(r), To=14(r) )
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(the sign s designates the boundary, and O - the initial wvalue of corresponding vale

ue),
2, We will assume, that there are two solutions for problem (1) - (5)3
(@1, pr, T1) 1 (03, p2, Ta). Ua,)
Then functions
u =90 — 9, g = pr— P 0=T1sz (‘_)

will satisfy equations

g—?+(vlv)u+(uv)vz=i—v%-*-vﬁ“f@ge' (v

, i

g-f+(o,ve)+(usz)=zM, ’

dive =0 Lq)

and conditionss
u:=0, 8:_——'01 ' (/0)
=0, 1 =0 o)

To provs the theary of soleness it is necessary to show that u= 0 andf = 0 ,
For this purpose equation (7) is mmltiplied scalarly by u, eguation (8)=by 6 ,

ve will combine seme and then integrate by the wlume of liquid; we will obtain

J'(ugT".q-og_?)dv‘-q-vf{u(v.v):z-*-e(o.v)e}dv+vfu(uv)v,dv~_-

=_JuV%dV+J(vuAu+ZGAO)dV~—“[0u($g+sz)dV. (/‘]

Taking into consideration the contimmum equation end the boundary values of the
functions u and ©, we transform the integrals included in (12) with the aid of the

Causs-Ostrogradskiy and Grin formulae, In consequence we will obtain

See Paje, 2a foR {%-/j
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91 | 498 =42 (L leygy =1 9K
J(’t‘6t+00t av dt‘,fQ(u—*. )av 2 ar’

K=f(u2+oz)dl/=/<(t);

f{"(vlv)u+°(‘v;v)0}dl/=f(o,v) (—';l+%)dV=

=?‘j'd1v[v, (a2 40| dV =0,
Juv%VdV=‘fdlv(u%)dV=0,

| (ba - yp80) v = [iv(otuy + 5 (grad o2y av.
v e

v

-
I

Z' /3
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Substituting the found values of integrals in (12) we will obtain
K _ o f{v(rot 1) -y (grad 0)?}dV — 2 Juu (uy)o:dV —
5 4

dt ! (/ ,_/)
_zfou(ag-{-vr._,)dv. :
s

Since v, ¥ S 0, then the first component of the right part (14) is negative and,

t
consequently K —2 fu(uv)v:dV——Q fOu (3g+vT2dV. (/f}
N v <

dat
%

In the initial moment of time the function K(t) equals zero, and further on it
/ be negative. Consequently in a certain interval of time 0& ¢t &'V

Ak
at = 0.

In such a case, by camparing the absolute values of left and right parts of the

inequality (15) far 04 t £ T we obtain
K <o avidol (ou(pg+vT)av],
= lvf{t(uv)'vz | ‘vfu( g+v | (/(/

Evaluating the magnitude of the integrals, included in (16), we obtain

‘Vfu(uv)v,dv{'gmvfuvdv<M~K, (/‘ a,)

dvy .
where M « mean value \,{ ETE (1 - crosscut of direction u)j

[Vfo.;(pg+ vT,)_dvl<Nvf|el-|uldv<1vvf%(u=+e=)dv=2‘-N-K, (,([,)

% gt
where N « mean valuo\ gl + oL . ®

Taking into comsideration the obtained evaluations, we will have for 0 -t <=
dK
=L AK,
a (1)
where A= 2M + N,
It is apparent, thaet the most rapid chamges in function K with time in the inter -
val 0.- % &“ﬁ will be determined by condition
dK
—_— . a.
t dt A-K, (/7 /

i.e,when K = const.expg Mt, Hence,considering (11) and (13) we obtain for 02 ¢

)
/Qr $ K= 0 and consequently
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u=0 u 0=0. (,f?‘/)J

Next we will do as follows, We will break up the values t }0 into two classes,

To the first class we will refer all ¢ of the interval 0/ t £, for which X = 0,
The remaining t, for which K& 0, it is assumed ere forming the second class., It is
apparent,that the first class is nct emptye

Such a breakdown , according to the Dedekind theorem, is justified and is done
by the number v, which appears to be maximum in first class.

In such an instance for all $£."U, K(¢)=0 end for any ¢exist such t!, 0L t'eY
<€ , for which K(t')% 0,

On the other hand, it is evident from the proven facts with consideration of the
continuity of function K(t) and condition K(Y) = O, that for a certain ¢ and all ¢,
satisfying inequality 0 L ¢ =Y L £y K(t) = 0, which contradicts the made assumption,
Consequenitly, all values ¢t are included in the first class and therefore

#=0u =0 aas Bcex £>0. (/7¢)

As to the pressure then as shown by equation (7) it is possible to synonymously deter-
mire the rressure gradient only.

3¢ The mentioned in point 2 proof of the saleness theory in the solution of the
besic internal problem of free thermel ccnvection of liquid can also be expanded for
the case of an external problem{l]. This cen be realized by an ardinary meximm transi~
tion froam the finite zone into the infinite, requiring the fulfillment of conditions

of dampint at infinity:
| rite e, |r‘+“Z'r|. |reps|, |rt*erotoy|, |ri*egrad Tu|—0C //7A)

. (i=1, 2),
where alpha> 2 , r - distance from a certain ,assumed as origin of coordinates, point

of heater.
The author expressss thanks to B.M,Gagayev and S.@,Mel'nik for the valuable

information and a number of critical notes,

Submitted Febr.8,1968,
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